Several works on the neurogenic hearts of arthropoda by Carlson (1) and Crescitelli (2, 9) have already shown that their electrocardiograms are markedly different from these of vertebrates.
One of the characteristics of the electrograms of the arthropoda heart is that they show oscillatory changes of potentials which have been attributed to rhythmical discharges of the pacemakers (9, 5, 7) . Some of the previous workers (4, 13) have shown that under normal conditions the electrogram exhibits simpler patterns. However, it seems that their work did not show anything about the pacemaker activities of the heart beat.
The present paper deals with the experimental results of the localization of pacemakers in the cicada's heart.
METHODS
A schematic sketch of the cicada's heart (Cryptotymana japonensis Kato)
is shown in figure  1 . 
1) Electrogram from the intact heart:
In order to observe the heart tube, the abdomen was opened, and the muscle and digestive organs were removed.
Figure3shows
recordings of intricate surface action potentials led off with a low resistance electrode from various parts along the heart.
At the anterior part of heart, the recording consists of several small and one large action potential.
Usually this tendency was observed almost everywhere on the heart tube.
In this instance, however, diphasic action potentials were led off from the5th and 6th segment, while slow monophasic potential changes were observed at the7th segment.
From these pictures, it can be seen that the electrograms of intact cicada's heart are so complex, that it seems to be very difficult to analyse them as a whole.
2) Electrogram from the isolated heart:
As the intricacy of the electrogram described above, seemed to be mainly due to the alary muscles, the isolation of the heart tube per se from the alary muscles was tried. No remarkable changes of heart contraction were observed as a result of the removal of the alary muscles.
Figure4illustrates the surface action potentials of the extirpated heart which are simpler than those in figure3.
As would be expected almost all of the action potentials were triphasic, except two tracings from the anterior part of heart.
At of tracing is negative. This negative sign localized in and around the 7th segment. If the 7th segment is cutted off, this negative deflection would be observed only at the 2nd segment.
In the isolated heart, another very special finding was obtained from a particular part near the end of the 7th segment.
As shown in the bottom tracing of figure 4, this was a very regular positive monophasic action potential with a different frequency from that of other parts of heart, and it seems that this potential localized only at the 7th segment and was not conducted.
3) The action potentials from the anterior and posterior parts of heart tube: As mentioned in the preceding section, a very regular monophasic potential change was recorded from a localized area in the 7th segment.
The same tracing was also found at the anterior end of the 1st segment, where the artery is enlarged in the form of an ampula. The beat frequencies of these two places were three times greater than at other parts of heart.
Under the microscope very minute contractions corresponding to the electric changes were found there. A typical electrogram of the 7th segment illustrated in figure 5A of slow rising phase followed by a rapid spike potential. B, C and D are examples which were all led off from the anterior and posterior ends of the heart tube.
One illustrates the small action potential which gradually develops into a large one, while other examples show large number of rapid small action potentials of the 7th segment which are preceded by a regular contraction of the 6th segment.
4) Determination of pacemakers by the transection method:
In seeking the localization of pacemakers the transection method (1, 8b) a) One group of the results is illustrated in table2, where the frequency of the2nd segment is quite similar to that of the normal heart beat. This fact shows that the2nd segment plays a dominant role in pacemaker activity.
Especially in the cases II, III and IV, after the heart tube was severed at the level of the3rd segment, the separated posterior part completly ceased to beat, while the anterior part continued to contract with a frequency equal to that of the intact heart. b) Another group (table3) shows a quite different tendency from the former.
The examples here show that the posterior end beats more fre- 5) Reversal of heart beat: In many instances the contraction waves usually progress forwards, that is, from the posterior to anterior end. However, after a while the contraction reverses its direction and begins to progress backwards, It has already been described by Wigglesworth (22) that when the insect is at rest, its blood pressure is nearly equall or even less than the atomospheric pressure.
So in the exposed heart it would be resonable to assume that the intracardiac pressure would not exceed greatly from the atomospheric pressure. From this reason, when the cicada's heart was exposed the direction of intracardiac fluid flow changes according as the various changes of position of whole body. For instances when the cicada brought into a vertical position, the body fluid in the heart tube flows to posterior end. This phenomenon suggests that there may be no effective impediment such as valves inside of the cicada's heart tube.
It was also observed that India ink or other dye solution injected into the heart tube, did not flow into tissue spaces through the ostia of the heart. This fact shows that these side ostia play a valve like role and prevent the leaking off of intracardiac fluid into the tissue space through them. Further studies on this heart beat reversal were made by recording the electrogram of heart. A series of surface action potentials were led off from5th segment (figure7).
At first the rhythm followed the pace of the7th segment, as shown in a-b of the figure. However, after five seconds, the direction of conduction is suddenly reversed and it followed the pace of the2nd segment. As illustrated in c-d curve in the figure, diphasic action potentials were recorded in place of the former two positive waves, but after a short period, again the pace of the7th segment became predominant (e), and recorded potentials returned to the form of a-b. After three seconds, however, the2nd segment again began to play a role of the pacemaker (f).
Thus the two pacemakers seem to contend for the possession of the leadership in pacemaker activity (f-j).
It was also confirmed by the gross observation with the naked eye that the changes of the initial deflection of electrical tracings corresponds with the reversal of heart beat. 4th segment, contraction of the heart stopped completely and action potentials could not be led off from the heart. When the heart was washed by applying drops of Ringer Solution which could be removed by a Khali pipette, a small action potential rose from posterior end and gradually propagated over all through the heart. 7) Localized cooling: A cooling thermode was placed on the7th segment, and observed surface action potentials led off from the4th segment. The direction of contraction which formerly came from the posterior end was reversed and the pace of the arterial part took the leadership. An instance of this case is shown in figure9A, where the initial deflection of action potentials was changed, after the localized application of cooling thermode. it was also recognized that after the localized cooling of the2nd segment initial deflection of the action potential was reversed (see fig.9B ).
In this case the reversal of contraction wave also coincided with this reversal of the initial deflection of action potential. 
8) Intracellular
recording from cicada's heart: There are great difficulties in the usage of the ultra-microelectrode for cicada's heart, because many hard bronchial branches run over the heart surface.
Some results were obtained, however, as follows: Intracellular action potentials were led off from the 2nd segment.
This tracing shows a slow depolari- calibration, 20mV, 10mV, 5mV.
DISCUSSION
1) From observation of the heart under a microscope, India ink solution dropped on the heart tube was noted to flow into the heart tube, and the major part of it flows usually in the anterior direction, while a part of it moves to and fro in the heart tube by the heart contraction.
If the anterior end is placed higher than the posterior end, the ink flows from the anterior end to the posterior end, while when the anterior end is placed lower it flows reversely. This event suggests that the cicada's heart has a very different structure from that described formerly for insects heart (for instance in the cockroach by Marchal).
So, it may be suggested that the location of the heart valves in cicada's heart may be more suitable for the reversal contraction than the heart of other insects that have been observed.
2) It is a known fact that pattern of the electrograms of arthropoda heart varies greatly, according to the position of the electrode (15) . This fact is further supported , by our studies.
The intricate picture of the surface action potentials of the intact cicada's heart becomes simpler after the removal of the alary muscle. In the grasshopper heart Crescitelli et al. (9) found the so-called oscillatory potential changes disappeared when they used an isolated heart.
Among the surface action potontials of the cicada's heart electronegative deflection appeared limitedly at both the2nd and7th segment.
The fact that the2nd segment shows a marked elctronegativity in its sur-face action potentials and that the contraction of2nd segment is stronger than any other part of the heart tube, suggests that this part is a pacemaker of the heart. However, the7th segment which also shows an electronegative deflection, has a role in pacemaker activity.
3) As illustrated in experiment4, after the transverse section of this tubular heart at the level of middle part, both of the separated parts displayed contractions with similar frequencies. This is one evidence of the presence of two pacemakers in this heart. In order to conclude whether this pacemaker activity is neurogenic or not, further experiments will be necessary. But Mclndoo (12) found a train of nerve cells on the cockroach heart, and Krijgsman et al. (10) also asserted that there was a neurogenic pacemaker of the insect heart.
Unfortunately, there are yet no detailed morphological studies of cicada's heart and the present authors failed to confirm nervous elements at the2nd and7th segment of the cicada's heart. The physiological findings, however, which were mentioned above, suggested that the pacemakers of cicada's heart seemed to be localized at the2nd segment and the7th segment.
The transverse section of the heart tube at the level of the2nd segment, resulted in no change of frequency of contraction at the2nd segment, while the beat of remaining part was lengthened or stopped. The same results were obtained on sectioning at the7th segment.
4) Localization of two pacemakers are clearly demonstrated by observing the action potentials which were led off from the 4th and 5th segment, and the change of initial deflection of action potentials were recognized.
The reversal of heart beat was formerly described by Gerould (6) who observed it in the adult beetle (Prines laticolis).
There was no marked difference between the backward and forward beats, but in the adult crane fly the number of forward beats exceeds the backward beats.
The latter case seems to agree with that of the cicada's heart.
Many instances, however, in exposed heart showed that the heart beat seems to have its origin at the2nd segment.
When the activity of one pacemaker was paralysed by action of cocaine or cooling, the heart beat ceased or gave place to another intact pacemaker.
All these experiments suggested that there are two pacemakers in the heart of cicada, one in the anterior end of heart tube and another in the posterior end and usually one of them seems to play a dominant role in the heart beat.
5) As to the oscillation which was observed in the electrograms of the intact heart of cicada, very similar records were previously described by JahnCrescitelli-Taylor (9) and Crescitelli-Jahn (2) in the grasshopper heart. They suggested that these oscillations were apparently composed from a number of component potentials.
The present experiment shows, however, that these oscillations are only led off from the intact heart.
When the alary muscles were removed, usually triphasic waves were obtained.
This result coincide with the findings of the grasshopper heart (9). The authors have also studied the electrogram of the grasshopper heart and obtained a similar oscillation as described by Jahn et al. As to the origin of the oscillation further experiments are needed. With regard to the miniature contractions which were observed at both ends of the heart tube, Wakabayashi and Hagiwara (19) , and Hagiwara (8) also have found a miniature response of the sound muscle of cicada which was always accompanied by the corresponding mechanical changes. Their electrical records of miniature contraction are quite similar to that of the7th segment of cicada's heart. Hagiwara (8) suggested that these miniature potentials are due to excitation of the individual muscle fibers or of the smaller specialized membrane areas related to the nerve terminals.
In the present case, similar potentials were led off from the pacemaker areas. Furthermore it was confirmed that the large action potentials were preceded by three or four contractions of this small area.
6) Intracellular recording of heart muscle was initally described by Woodbury et al. (20, 21) , on the frog heart.
In the present case as described above, the fiber diameter is much smaller than that of the vertebrate heart, so we should be very careful about the results obtained by this method.
Obtained values of membrane resting and action potentials were very small compared with those values of vertebrates.
The simple monophasic action potential of the insect heart was very similar in its character to that of vertebrate cardiac muscle fiber, though the presence of overshoot of action potentials, was not confirmed exactly.
It was also observed that the intracellular action potential of a single fiber does not show any sign of oscillation.
This probably affords direct proof of the authors assumption, that the oscillation may be due to the sum of many small other components.
One of the interesting findings in the intracellular recording is that, a slow depolarization preceeds the rapid depolarization phase. This sign seems to be similar to that of the pacemaker potential described by Draper and Weidmann (3), and Trautwein et al. (18) .
The present material has a seasonal limitation, as adult cicadas are to be found only in summer.
They will be studied further when they can again be obtained.
SUMMARY
Cicada's heart action potentials were studied by both surface and intracellular electrodes.
1) Surface electrograms indicate that the inricate tracings of the action potentials are due to the presence of alary muscle. After the removal of alary muscle, the picture became simpler.
It was found that the negative deflection became pronounced at the2nd and the 7th segment.
2) From the results of transverse section, localized cocainization and localized cooling, it seems reasonable to assume that the cicada's heart has two pacemakers.
3) Intracellular recording from single fibers of cicada's heart show muscle action potentials of a very simple monophasic form, from which the oscillation of surface potential is concluded to be due to the sum of many other components.
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